for evaluation of the pelvic and infrainguinal arteries [11. This pictorial essay presents pit falls and artifacts that may be encountered dur ing clinical MR angiography of the lower extremities. Knowledge of these imaging find ings is essential for accurate interpretation of peripheral 2D TOF MR angiography.
MR imaging was performed in a l.5-T Signa scanner (General Electric Medical Systems, Milwaukee, WI). The 2D TOF MR angiograms were acquired in the axial plane in standard body, head, or extremity coils with a spoiled gradient-recalledpulse se quence and flip angles of 45Â°for the pelvis and 600 for the extremities. The slice thick ness was 2.9 mm and field of view was 32 cm in the body coil; 2.0 mm and 22 cm, re spectively, in the head coil; and 2.0 mm and 16cm, respectively, in the extremity coil. Im aging parameters were TR range/TE range, 29â€"32/6.7â€"7. 1; first-order gradient moment nulling (flow compensation); tracking infe nor saturation (usually 20 mm below the slice); 256 x 128 matrix; one excitation; and phase encoding from anterior to posterior. Three-dimensional sequences were acquired in the body coil using a fast spoiled gradient recalled or spoiled gradient-recalled pulse se quence; 45_600 flip angle; TR rangeiTE range, 10.6â€"32/2. 1â€"6.9; 28â€"60 partitions, 2â€"2.5 mm thick; 36-cm field of view; 256 x 128-256 ma trix; one excitation; and dynamic gadolinium enhancement in all cases [2J.
Signal loss in a patent vessel from satura tion of in-plane flow is one of the most com mon pitfalls in 2D TOF MR angiography. When the path of a vesselcausesblood to re 
A. Coronal reformatted two

B,Conventional contrast angiogram ofpelvis reveals patent right external iliacartery (arrow). Nosurgical clips arearound vessel toexplain signal loss.
C,Coronal spoiledgradient-recalled scoutimageobtained attimeof MRangiogram. Air-filledbowel (arrow)in rightlowerquadrant causedsusceptibility artifact.
Flow distal to stenoses is frequently brighter and the vessels appear larger than in corresponding normal vessels (Fig. 5) Pulsatile flow can cause ghosting artifacts in the phase-encoding direction. The wide range of velocities that occurs in pulsatile flow induces phase variations in addition to the phase (spatial) encoding that results in multiple images of the same vessel (Fig. 6 ). An important technical point in lower ex tremity 2D TOF MR angiography is to orient the phase encoding in the anteroposterior di rection. If severe ghosting artifacts are seen, the best MIP reprojection will be the direct anterior (coronal) view because the artifact will be invisible from this perspective. Car diac gating, smaller flip angles, or careful im age postprocessing can reduce this artifact.
Patient positioning during MR angiogra phy requires the same care as during conven tional angiography. Lack of overlap between imaging stations may result in failure to diag nose a focal stenosis (Fig. 7) .
Knowledge of prior vascular surgery is es sential for correct performance and interpreta tion of MR angiography in postoperative patients. Grafts may be located in places that normally do not contain major mn-off arteries, such as cross-femoral or axillofemoral grafts. These so-called extraanatomic grafts may re quire careful application of additional se quences to be imaged completely. Similarly, flow may be reversed in certain vessels as a consequence of a bypass procedure (Fig. 8) .
Gadolinium-enhanced three-dimensional MR angiography is useful in these situations.
Variable degrees of signal loss can be caused by ferromagnetic vascular clips, joint prostheses, or foreign bodies (Fig. 9 ). Signal loss due to metal artifact cannot be reliably detected on MIP images. Patient history plus inspection of the 2D TOF source images and radiographs are required. Signal loss due to susceptibility artifact also can occur at tis sueâ€"gasinterfaces such as when bowel loops overlie an iliac artery (Fig. 10) . Review of the axial slices and the localizer images may A,Axial source image slicefromMRangiogram reveals high-signal-intensity collection anterior tofemoral yes sels on right (arrow, site of arterial puncture),which could represent either pseudoaneurysmor hematoma.
B,Absence offlowincollection (arrow) oncolor-flow duplex scanobtained immediately afterMRangiogram is
consistentwith hematoma.
sity-projection (MIP) process, which does not distinguish between faint vascular signal and background signal 13). Strategies to overcome this problem include examination of the axial images. cardiac gating, segmented acquisi tions, and contrast enhancement [4, 5j. Signal loss also occurs when flow is tur bulent, such as distal to stenoses and bifur cations, or within aneurysms (Fig. 2) . Because of complex flow in these areas, the velocities (and thus phases of the spins) of blood vary greatly from voxel to voxel, which results in loss of vascular signal (in travoxel phase dispersion) [5] . This phenom enon contributes to the overestimation of the severity of stenoses that is typical of unen hanced MR angiography. MIP algorithms intensify the apparent signal loss by ignoring the faint signal in these vessel segments [61.
In questionable cases, gadolinium-enhanced three-dimensional MR angiography is useful because it is not susceptible to intravoxel phase dispersion [2J.
A tracking inferior saturation band is nec essary in 2D TOF MR angiography of the lower extremities to eliminate unwanted sig nal from the veins. However, if arterial flow passes through the saturation band before entering the imaging slice, it will also be come saturated. This problem is common in the pelvis, where the iliac arteries can be quite tortuous. Peripheral artery occlusions may appear longer on 2D TOF MR angiog raphy than with conventional angiography because retrograde flow in collateral vessels or the reconstituted vessel itself may be satu rated by the inferior saturation band (Fig. 3) . Arterial flow in normal peripheral vessels is characteristically triphasic with a brief pe riod of retrograde flow in early diastole [7] . Therefore. the tracking inferior saturation band is usually placed 20 mm below the im aging slice to suppress venous signal but not signal from arterial flow. Occasionally, slow venous flow remains visible when the satura tion band is placed at this distance because of recovery of longitudinal magnetization by the venous spins before they enter the imaging slice [8] . In this situation we repeat the se quences with the saturation gap reduced to 5 mm (Fig. 4) . 
MRAngiÃ graphy of the LowerExtremities
identify this artifact as the cause of unex pected signal loss. Not all bright signal in 2D TOF MR an giography represents flow. Substances with short TI relaxation times also appearbrighter than the background because they are not as readily suppressed by the repeated RF pulses. Signal from recent hemorrhage may be difficult to distinguish from the weak sig nal of flow within an aneurysm (Fig. 11 ). An other imaging procedure may be required to make this distinction.
Unexpected normal vascular variants and pathologic conditions may be identified on MR angiograms. Venous structures that nor mally contain flow in a direction opposite to the inferior vena cava, such as a retroaortic left renal vein (Fig. 12) , are not suppressed by the inferior saturation band. Venous struc tures containing pathologically reversed flow, such as inferior epigastric veins in portal hy pertension, also may be visualized.
Patient motion during MR imaging can se riously degrade the quality of source and MIP images (Fig. 13) . Background signal is increased and vascular signal is decreased.
Motion artifact can simulatethe appearance of signal loss from a stenosis on MIP images if the motion occurs during acquisition of a single slice. Examination of the source image may identify the artifact, but repetition of the acquisition may be necessary for adequate evaluation of the vessels.
MR angiographic techniques image flow rather than the structure of vessels. As with conventional angiography, the size of aneu rysms can be greatly underestimated if chronic mural thrombus fills the sac and maintains the lumen at a nearly normal diameter (Fig. 14) . Inspection of the source slices is necessary whenever aneurysmal disease is suspected.
Two-dimensional
TOF MR angiography is a powerful technique for vascular imaging of thelowerextremityarteriesbutis notwithout potential pitfalls and artifacts.
